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A system for cooling a semiconductor device is disclosed. 
The system includes a lid encasing the semiconductor device, 
a ?rst plurality of carbon nanotubes disposed Within the lid, 
and a ?uid system con?gured to pass a ?uid through the lid. 
Furthermore, a second system for cooling a semiconductor 
device is disclosed. The second system includes a lid, a ?rst 
plurality of carbon nanotubes disposed Within the lid, and a 
?uid system con?gured to pass a ?uid through the lid. The lid 
is con?gured to be mounted over and encase the semiconduc 
tor device. Additionally, a method for cooling a semiconduc 
tor device is disclosed. The method includes disposing a ?rst 
plurality of carbon nanotubes Within a lid, mounting the lid 
over the semiconductor device, and passing a ?uid through 
the lid. 
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CARBON NANOTUBES FOR ACTIVE DIRECT 
AND INDIRECT COOLING OF 

ELECTRONICS DEVICE 

BACKGROUND 

[0001] 1. Technical Field 
[0002] Embodiments of the present invention generally 
relate to systems and methods for cooling semiconductor 
devices. 
[0003] 2. BackgroundArt 
[0004] Computer cooling involves the removal of heat from 
computers and associated components, such as semiconduc 
tor devices. All semiconductor devices have some form of 
conduction resistance Which leads to the generation of heat 
When these devices are operated. Heat ?oW begins at the 
semiconductor junction through Which electric current trav 
els. This heat is conducted from the device body onto the 
package that the semiconductor is housed in, and then to the 
air. This heat energy increases the temperature of the semi 
conductor. If heat is not dissipated from the semiconductor 
fast enough, the semiconductor temperature may increase 
beyond the speci?ed operating temperature, resulting in 
shorter component life spans as Well as problems such as 
computer system freezes or crashes. 
[0005] The current approach for cooling a semiconductor 
device involves conducting heat aWay from the semiconduc 
tor device. FIG. 1 shoWs a typical cooling system 10 for 
cooling a semiconductor device 12. The semiconductor 
device 12 is mounted onto a substrate 14 and sandWiched 
betWeen the substrate 14 and a ?rst thermal interface material 
(TIM) layer 16. A lid 18 encases the semiconductor device to 
provide structural rigidity and protection from external ele 
ments. A second TIM layer 20, Which may be an adhesive 
material bonding the lid 18 to a heat sink 22, is disposed on a 
top surface of the lid 18. The heat sink 22 is mounted onto the 
second TIM layer 20, and has a plurality of ?ns and a large 
surface area to facilitate heat transfer to surrounding air. As 
heat is dissipated from the semiconductor device 12, the ?rst 
and second TIM layers 16, 20 and the lid 18, Which are 
constructed of materials chosen for high thermal conductiv 
ity, transfer the heat to the heat sink. Heat is then transferred 
from the heat sink 22 to the surrounding air. 
[0006] The removal of heat from a semiconductor device is 
dependent on numerous factors. For example, the thermal 
conductivity of the materials used to construct a cooling 
system (e.g., the lid, heat sink, and TIM layers) have a direct 
effect on the ability of the cooling system to transfer heat to 
the surrounding air. 

SUMMARY 

[0007] In one aspect, the invention relates to a system for 
cooling a semiconductor device, including a lid encasing the 
semiconductor device, a ?rst plurality of carbon nanotubes 
disposed Within the lid, and a ?uid system con?gured to pass 
a ?uid through the lid. 
[0008] In another aspect, the invention relates to a system 
for cooling a semiconductor device, including a lid, a ?rst 
plurality of carbon nanotubes disposed Within the lid, and a 
?uid system con?gured to pass a ?uid through the lid. Fur 
thermore, the lid is con?gured to be mounted over and encase 
the semiconductor device. 
[0009] In another aspect, the invention relates to a method 
for cooling a semiconductor device, including disposing a 
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?rst plurality of carbon nanotubes Within a lid, mounting the 
lid over the semiconductor device, and passing a ?uid through 
the lid. 
[0010] Other aspects of the invention Will be apparent from 
the folloWing description and the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] FIG. 1 shoWs a side vieW of a prior art cooling 
system. 
[0012] FIG. 2 shoWs a perspective vieW of a cooling system 
in accordance With one or more embodiments of the present 
invention. 
[0013] FIG. 3 shoWs a side vieW of an indirect cooling 
system in accordance With one or more embodiments of the 
present invention. 
[0014] FIG. 4 shoWs an end vieW of a chamber of the 
indirect cooling system of FIG. 3. 
[0015] FIG. 5 shoWs an inverted vieW of a part of the indi 
rect cooling system of FIG. 3. 
[0016] FIG. 6 shoWs a side vieW of a direct cooling system 
in accordance With one or more embodiments of the present 
invention. 
[0017] FIG. 7 shoWs an inverted vieW of a direct cooling 
system in accordance With one or more embodiments of the 
present invention. 
[0018] FIG. 8 shoWs a plan vieW of a surface having carbon 
nanotubes disposed thereon in accordance With one or more 
embodiments of the present invention. 

DETAILED DESCRIPTION 

[0019] Speci?c embodiments of the present invention Will 
noW be described in detail With reference to the accompany 
ing ?gures. Like elements in the various ?gures may be 
denoted by like reference numerals for consistency. 
[0020] In the folloWing detailed description of embodi 
ments of the present invention, numerous speci?c details are 
set forth in order to provide a more thorough understanding of 
the invention. HoWever, it Will be apparent to one of ordinary 
skill in the art that the present invention may be practiced 
Without these speci?c details. In other instances, Well-knoWn 
features have not been described in detail to avoid unneces 
sarily complicating the description. 
[0021] In general, embodiments of the present invention 
relate to systems and methods for cooling a semiconductor 
device. Speci?cally, one or more embodiments include a lid 
for a semiconductor device, Wherein a plurality of carbon 
nanotubes are disposed in the lid. Furthermore, carbon nano 
tubes disposed in the lid may directly contact a semiconduc 
tor device, thus directly conducting heat Way from the semi 
conductor device. Alternatively, the carbon nanotubes may 
indirectly conduct heat from the semiconductor device. Addi 
tionally, embodiments of the present invention may actively 
cool a semiconductor device by passing a ?uid through a lid 
for direct or indirect cooling of the semiconductor device. 
[0022] FIG. 2 shoWs a cooling system 200 for cooling a 
semiconductor device 202 in accordance With one or more 
embodiments of the present invention. The semiconductor 
device 202 is mounted on a substrate 204. The cooling system 
200 further includes a lid 208 con?gured to be mounted over 
and encase the semiconductor device 202. The lid 208 may 
provide structural rigidity and protection from external ele 
ments for the semiconductor device 202. The semiconductor 
device 202 may be any device that generates heat, and, thus, 
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requires cooling. For example, the semiconductor device 202 
may be a microprocessor, a central processing unit, a graphics 
processing unit, etc. Also, more than one semiconductor 
device may be mounted on the substrate 204 and cooled by 
the cooling system 200. 
[0023] In embodiments of the present invention, a plurality 
of carbon nanotubes are disposed Within the lid (not shoWn). 
Carbon nanotubes have a very high thermal conductivity 
relative to other known materials. Additionally, carbon nano 
tubes provide mechanical rigidity and geometrical ?exibility, 
Which may not typically be provided by materials currently 
used in cooling systems. Thus, carbon nanotubes are able to 
conduct heat aWay from the semiconductor device 202 in a 
desired manner. 

[0024] Additionally, the cooling system 200 includes a 
?uid system 230 con?gured to pass a ?uid through the lid 208. 
The ?uid system 230 provides an active mechanism by Which 
heat may be removed from the semiconductor device 202. For 
example, in one or more embodiments, the ?uid system 230 
may include a ?rst pipe 232 and a second pipe 234, Wherein 
the ?rst and second pipes 232, 234 are connected to and 
communicate With the lid 208. HoWever, those skilled in the 
art Will recogniZe that any ?uid system con?gured to pass a 
?uid through the lid may be utiliZed. Additionally, the ?uid 
system 230 may include a pump con?gured to facilitate the 
?oW of the ?uid through the lid, and those skilled in the art 
Will recogniZe that many other mechanisms may be employed 
for this purpose. 
[0025] In the embodiment shoWn in FIG. 2, a ?uid enters 
through the ?rst pipe 232 into the lid 208. The ?uid then 
passes through the lid 208 and exits the lid 208 into the second 
pipe 234. Accordingly, the ?uid entering the lid 208 absorbs 
heat from surfaces of the lid 208, the carbon nanotubes, 
and/or the semiconductor device 202, and then exits the lid 
208, thereby removing heat from the semiconductor device 
202. The ?uid passed through the lid 208 may be any ?uid 
available for use in this type of system, and, further, may be 
chosen for any given thermal application. For example, the 
?uid may be Water, Water-glycol, a dielectric material, refrig 
erants (e.g., R-l34a, or any other compatible compression 
system refrigerant), or any other ?uids knoWn to those skilled 
in the art. Furthermore, many mechanisms of removing the 
heat from the ?uid after the ?uid exits the lid 208 Will be 
appreciated by those skilled in the art. 
[0026] In one or more embodiments, the carbon nanotubes 
disposed in the lid may be disposed or groWn in any con?gu 
ration, and, speci?cally, in any con?guration maximiZing the 
conduction of heat aWay from the semiconductor device 202 
and/ or maximiZing release of the heat into the ?uid. For 
example, the carbon nanotubes may be formed into micro 
channels, thereby creating a large surface area of the carbon 
nanotubes. The ?uid may then enter the lid 208, ?oW through 
the carbon nanotube microchannels, and then exit the lid 208. 
Accordingly, a heat exchange surface area betWeen the car 
bon nanotubes and the ?uid is increased, thus increasing the 
removal of heat from the carbon nanotubes into the ?uid. 

[0027] Furthermore, the use of carbon nanotubes to form 
the microchannels alloWs for the microchannels to be formed 
in any geometrical con?guration desired, such as straight 
channels or a lattice structure. Speci?cally, the Width, length, 
shape, and location of the microchannels may be formed as 
desired With the use of carbon nanotubes. Accordingly, ?oW 
rate, contact time, and contact area of the ?uid may be con 
trolled. 
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[0028] The cooling system 200 includes an active cooling 
mechanism, i.e., the ?uid system 230, by Which heat may be 
removed. Accordingly, the cooling system 200 may not 
require the use of a heat sink structure, thus eliminating the 
need for components corresponding to a heat sink structure. 
This may alloW for the cooling system 200 to be dimension 
ally smaller and more densely packed Within, for example, a 
computer system. HoWever, a heat sink structure in thermal 
contact With the lid 208 may also be included in the cooling 
system 200 for additional cooling. In such embodiments, a 
thermal interface material layer (i.e., a heat sink thermal 
interface material layer) may be disposed on a top surface of 
the lid 208. A heat sink, Which is Well knoWn in the art, may 
then be mounted onto the thermal interface material layer. 
[0029] FIG. 3 shoWs a side vieW of an indirect cooling 
system 300 for cooling a semiconductor device 302 in accor 
dance With one or more embodiments of the present inven 
tion. The indirect cooling system 300 is similar to the cooling 
system 200 shoWn in FIG. 2. The semiconductor device 302 
is mounted onto a substrate 304. In the embodiment shoWn, 
the semiconductor device 302 is mounted to the substrate 304 
by bumps 303. HoWever, those skilled in the art Will recogniZe 
that the semiconductor device 302 may be mounted to the 
substrate 304 in any other manner knoWn in the art. Further 
more, the substrate 304 may be mounted to a printed circuit 
board (PCB) (not shoWn), or any other substrate, by ball grid 
array (BGA) 305. Even further, mounting the semiconductor 
device 302 to the substrate 304 may include electrically con 
necting the semiconductor device 302 to the substrate 304. 
Similarly, mounting the substrate 304 to the PCB may include 
electrically connecting the substrate 304 to the PCB. 
[0030] A thermal interface material (TIM) layer 306 is 
disposed on a top surface of the semiconductor device 302, 
and a lid 308 is mounted over the TIM layer 306. The lid 308 
effectively encases the semiconductor device 302 betWeen 
the lid 308 and the substrate 304. Furthermore, the lid 308 is 
thermally coupled With the semiconductor device 302 via the 
TIM layer 306. 
[0031] The lid 308 includes a chamber 340 in Which a 
plurality of carbon nanotubes are disposed. As discussed 
above, the carbon nanotubes help to remove heat from the lid 
308. Accordingly, the plurality of carbon nanotubes are indi 
rectly coupled With the semiconductor device 302, and, thus, 
conduct heat aWay from the semiconductor device 302. 

[0032] Additionally, the indirect cooling system 300 
includes a ?uid system 330 con?gured to pass a ?uid through 
the lid 3 08, thereby employing an active mechanism by Which 
heat may be removed. As shoWn in FIG. 3, the ?uid system 
330 includes a ?rst pipe 332 and a second pipe 334, each 
connected to and communicating With the chamber 340 of the 
lid 308. Thus, the ?uid system 330 is further con?gured to 
pass the ?uid through the chamber 340 of the lid 308. As 
discussed above, those skilled in the art Will appreciate that 
the ?uid system 330 may employ any mechanism knoWn in 
the art by Which the ?uid system 330 is con?gured to pass the 
?uid through the lid 308. Furthermore, the ?uid system 330 
may employ any mechanism knoWn in the art to facilitate ?oW 
of the ?uid through the lid 308. For example, a pump may be 
connected to either the ?rst and second pipes 332, 334. 
[0033] FIG. 4 shoWs an end vieW ofthe chamber 340 ofthe 
lid 308 in accordance With one or more embodiments of the 
present invention, Wherein the lid 308 is rotated ninety 
degrees from the lid 308 shoWn in FIG. 3. Here, the plurality 
of carbon nanotubes 350 are shoWn disposed in the chamber 
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340 of the lid 308. The chamber 340 includes a bottom surface 
342 and a top surface 344. In this embodiment, the carbon 
nanotubes 350 are shoWn disposed betWeen the bottom sur 
face 342 and the top surface of the chamber 340 and formed 
in a plurality of microchannels. However, those skilled in the 
art Will appreciate that the carbon nanotubes 350 may be 
disposed in the chamber 340 in any desired manner. 

[0034] Accordingly, the ?uid system 330 passes the ?uid 
through the chamber 342, and, further, through the micro 
channels of the carbon nanotubes 350. Thus, the ?uid 
removes heat from the carbon nanotubes 350 and the lid 308. 
Effectively, the carbon nanotubes 350, and the ?uid passed 
therethrough, indirectly cool the semiconductor device 302. 
[0035] FIG. 5 shoWs an inverted vieW of the lid 308 and the 
?uid system 330 in accordance With one or more embodi 
ments of the present invention. The lid 308 includes an inner 
surface 310. When the lid 308 is mounted over the semicon 
ductor device 302, the inner surface 310 of the lid 308 comes 
into contact With the TIM layer 306, and is thus thermally 
coupled to the semiconductor device 302. Furthermore, FIG. 
5 shoWs a cavity of the lid 308 that encases the semiconductor 
device 302 betWeen the lid 308 and the substrate 304. 

[0036] The TIM layer 306 of the indirect cooling system 
300 may be composed of any material knoWn in the art. For 
example, the TIM layer 3 06 may be a thermal grease material. 
Thermal grease is typically silicone oil ?lled With aluminum 
oxide, Zinc oxide, or boron nitride. In another embodiment, a 
pulverized silver may be used. 

[0037] Alternatively, in one or more embodiments, the TIM 
layer 306 may be replaced by a layer of carbon nanotubes. As 
previously discussed, carbon nanotubes have a very high 
thermal conductivity compared to other known materials. 
Thus, a layer of carbon nanotubes may provide a very effec 
tive substitute for the TIM layer 306. In one or more embodi 
ments of the present invention, ?rst ends of a layer of carbon 
nanotubes may be attached to the semiconductor device 302, 
and second ends of the layer of carbon nanotubes may be 
attached to the lid 308. Accordingly, heat from the semicon 
ductor device 302 may be conducted through the layer of 
carbon nanotubes to the lid 308. Such embodiments provide 
both direct and indirect cooling of the semiconductor device 
302 by carbon nanotubes. Those skilled in the art Will appre 
ciate that carbon nanotubes may be disposed betWeen the 
semiconductor device 302 and the lid 308 in any con?gura 
tion desired. 

[0038] FIG. 6 shoWs a side vieW of a direct cooling system 
600 for cooling a semiconductor device 602 in accordance 
With one or more embodiments of the present invention. The 
direct cooling system 600 is similar to the cooling system 200 
shoWn in FIG. 2. The semiconductor device 602 is mounted 
onto a substrate 604, Which may be further mounted to a PCB. 
Furthermore, mounting to the substrate 604 or the PCB may 
also include electrically connecting the respective members. 
[0039] A lid 608 is mounted over and encases the semicon 
ductor device 602 betWeen the lid 608 and the substrate 604. 
Furthermore, a plurality of carbon nanotubes 650 are dis 
posed betWeen the semiconductor device 602 and the lid 608. 
In the embodiment of FIG. 6, the carbon nanotubes 650 are in 
contact With the semiconductor device 602, extend toWard an 
inner surface 610 of the lid 608, and, further, contact the inner 
surface 610 of the lid 608. HoWever, those skilled in the art 
Will appreciate that the carbon nanotubes 650 need not con 
tact the inner surface 610 of the lid 608. 
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[0040] Additionally, the direct cooling system 600 includes 
a ?uid system 630 con?gured to pass a ?uid through the lid 
608, thereby employing an active mechanism by Which heat 
may be removed. As shoWn in FIG. 6, the ?uid system 630 
includes a ?rst pipe 632 and a second pipe 634, each con 
nected to and communicating With the lid 608. As discussed 
above, those skilled in the art Will appreciate that the ?uid 
system 630 may employ any mechanism knoWn in the art by 
Which the ?uid system 630 is con?gured to pass the ?uid 
through the lid 608. Furthermore, the ?uid system 630 may 
employ any mechanism knoWn in the art to facilitate ?oW of 
the ?uid through the lid 608. For example, a pump may be 
connected betWeen the ?rst and second pipes 632, 634. 
[0041] The ?uid enters the lid 608, passing over and remov 
ing heat from surfaces of the semiconductor device 602, the 
lid 608, and/or the carbon nanotubes 650. Accordingly, the 
?uid and the carbon nanotubes 650 are con?gured to directly 
remove heat from the semiconductor device 602. Thus the 
direct cooling system 600 provides an aggressive system by 
Which the semiconductor device 602 may be cooled. 
[0042] In the direct cooling system 600, the lid 608 is 
mounted and sealed to the substrate 604 to prevent the ?uid 
from leaking out of the lid 608. The seal betWeen the lid 608 
and the substrate 604 may be air-tight to ensure no ?uid leaks 
out ofthe lid 608. For example, the lid 608 may be sealed to 
the substrate 604 by disposing a sealant at an interface of the 
lid 608 and the substrate 604. Furthermore, a portion of the 
semiconductor device 602 (e.g., the bottom) may also be 
sealed to the substrate 604 to prevent the ?uid from contacting 
any exposed electrical connections. 
[0043] The carbon nanotubes 650 may be disposed 
betWeen the semiconductor device 602 and the lid 608 in any 
con?guration desired. For example, the carbon nanotubes 
650 may be formed as a plurality of ?ns contacting the semi 
conductor device 602, but not contacting the inner surface 
610 of the lid 608. Accordingly, the ?uid may cool the 
extended ?ns of the carbon nanotubes 650. Alternatively, the 
carbon nanotubes 650 may be formed as a plurality of micro 
channels, thus contacting both the semiconductor device 602 
and the inner surface 610 of the lid 608.Accordingly, the ?uid 
may pass through the microchannels of the carbon nanotubes 
650, thus cooling the exposed surface area of the carbon 
nanotubes 650. In this example, the lid 608 is also effectively 
thermally coupled to the semiconductor device 602. In either 
case, the ?uid and the carbon nanotubes 650 directly cool the 
semiconductor device 602. 

[0044] FIG. 7 shoWs an inverted vieW of the lid 608 and the 
?uid system 630 in accordance With one or more embodi 
ments of the present invention. In this embodiment, the lid 
608 and the carbon nanotubes 650 disposed therein are manu 
factured separately from the semiconductor device 602. Spe 
ci?cally, manufacturing the carbon nanotubes 650 separately 
from the semiconductor device 602 may provide a simpler 
and more economically viable method of manufacture. 

[0045] The carbon nanotubes 650 are disposed on the inner 
surface 610 of the lid 608 in any con?guration desired. Fur 
thermore, ?rst ends of the carbon nanotubes 650 are con 
nected to the inner surface 610 of the lid 608. The carbon 
nanotubes 650 are further disposed such that When the lid 608 
is mounted over the semiconductor device 602, second ends 
of the carbon nanotubes 650 come into contact With a top 
surface of the semiconductor device 602. Accordingly, the 
carbon nanotubes 650 are con?gured to contact and conduct 
heat aWay from the semiconductor device 602 Without the 
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need to directly dispose or grow the carbon nanotubes 650 on 
the semiconductor device 602. Thus, any ?aW in either the 
semiconductor device 602 or the carbon nanotubes 650 does 
not affect the usability of both the semiconductor device 602 
and the carbon nanotubes 650. 
[0046] Alternatively, in one or more embodiments of the 
invention, the lid 608 may be manufactured separately from 
both the semiconductor device 602 and the carbon nanotubes 
650. Accordingly, the carbon nanotubes 650 may be disposed 
on the semiconductor device 602, Wherein the ?rst ends of the 
carbon nanotubes 650 contact the semiconductor device 602. 
Furthermore, the carbon nanotubes 650 may be disposed on 
the semiconductor device 602 such that When the lid 608 is 
mounted over the semiconductor device 602, the second ends 
of the carbon nanotubes 650 contact the inner surface 610 of 
the lid 608. 
[0047] In one or more other embodiments of the invention, 
the lid 608 may also include a chamber, similar to the cham 
ber 340 of the lid 308 shoWn in FIG. 3. Similarly, carbon 
nanotubes may also be disposed in the chamber of the lid 608 
in any con?guration desired, and the ?uid system 630 may 
also be con?gured to pass the ?uid through the chamber of the 
lid 608. Accordingly, the carbon nanotubes 650 disposed 
betWeen the semiconductor device 602 and the lid 608 may 
conduct heat aWay from the semiconductor device 602 and 
into the lid 608. Then, the carbon nanotubes disposed in the 
chamber of the lid 608 and the lid 608 itself may be cooled by 
the ?uid passing therethrough. Such embodiments may thus 
provide both direct and indirect cooling of the semiconductor 
device 602 by the ?uid and carbon nanotubes. Essentially, any 
combination of the indirect cooling system 300 and the direct 
cooling system 600 may be used as a system for cooling a 
semiconductor device. 
[0048] FIG. 8 shoWs a plan vieW of a plurality of carbon 
nanotubes 850 disposed on a surface 800 in accordance With 
one or more embodiments of the present invention. The sur 

face 800 may be similar, for example, to the bottom surface 
342 of the chamber 340, the top surface 344 of the chamber 
340, the inner surface 610 of the lid 608, or the semiconductor 
device 602, all of Which may include carbon nanotubes in one 
or more embodiments of the present invention. The arroWs in 
FIG. 8 shoW a direction of ?oW of a ?uid passing over and/or 
through the carbon nanotubes 850. 
[0049] Furthermore, FIG. 8 shoWs one exemplary con?gu 
ration, i.e., a lattice structure, in Which the carbon nanotubes 
850 may be disposed. As previously discussed, the carbon 
nanotubes 850 may be disposed in any con?guration desired. 
As such, microchannels or ?ns formed by the carbon nano 
tubes 850 may be formed to have any desired Width, length or 
geometrical con?guration. 
[0050] Additionally, the carbon nanotubes 850 may be dis 
posed in any location on the surface 800. For example, the 
carbon nanotubes may only be disposed in locations corre 
sponding to hot spots on a semiconductor device. Such a 
placement of the carbon nanotubes 850 may provide a more 
e?icient or economically viable system. Furthermore, the 
carbon nanotubes 850 may be disposed or groWn on the 
surface 850 in any Way knoWn in the art. 
[0051] Embodiments of the present invention may provide 
one or more of the folloWing advantages. Active indirect 
cooling systems and active direct cooling systems utiliZing 
carbon nanotubes may provide a desired thermal manage 
ment solution to a Wide range of thermal dissipation applica 
tions. Carbon nanotubes have a very high thermal conductiv 
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ity relative to other knoWn materials, and may also provide 
geometrical ?exibility and mechanical rigidity. Thus, carbon 
nanotubes are especially able to conduct heat aWay from a 
semiconductor device in a desired manner. 

[0052] Additionally, the carbon nanotubes may be formed 
into any con?guration desired. Forming carbon nanotubes 
into microchannels or ?ns may provide a great amount of heat 
exchange surface area. Further, through the use of existing 
carbon nanotube groWth technology, a desired con?guration 
of the microchannels may be formed With ?ne control. 
[0053] Moreover, in embodiments of the present invention, 
the carbon nanotubes may be manufactured separately from 
the semiconductor device. That is, the carbon nanotubes may 
be disposed or groWn Within a lid, separate from a semicon 
ductor device, Which may later be brought into contact With 
the semiconductor device. Thus, embodiments of the present 
invention may provide reliable and manufacturable solutions 
for cooling a semiconductor device. Also, embodiments of 
the invention alloW a ?uid of choice to be used for cooling the 
system. 
[0054] While the invention has been described With respect 
to a limited number of embodiments, those skilled in the art, 
having bene?t of this disclosure, Will appreciate that other 
embodiments can be devised Which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

What is claimed is: 
1. A system for cooling a semiconductor device, compris 

ing: 
a lid encasing the semiconductor device; 
a ?rst plurality of carbon nanotubes disposed Within the lid; 

and 
a ?uid system con?gured to pass a ?uid through the lid. 
2. The system of claim 1, Wherein the ?rst plurality of 

carbon nanotubes form a plurality of microchannels. 
3. The system of claim 2, Wherein the ?uid system is further 

con?gured to pass the ?uid through the microchannels. 
4. The system of claim 1, Wherein the ?rst plurality of 

carbon nanotubes are disposed in a chamber betWeen a top 
surface of the chamber and a bottom surface of the chamber. 

5. The system of claim 4, Wherein ?rst ends of the ?rst 
plurality of carbon nanotubes contact the bottom surface of 
the chamber, and second ends of the ?rst plurality of carbon 
nanotubes contact the top surface of the chamber. 

6. The system of claim 4, further comprising a thermal 
interface material layer disposed betWeen an inner surface of 
the lid and a top surface of the semiconductor device. 

7. The system of claim 4, further comprising a second 
plurality of carbon nanotubes disposed betWeen an inner sur 
face of the lid and a top surface of the semiconductor device. 

8. The system of claim 1, Wherein the ?rst plurality of 
carbon nanotubes are disposed betWeen an inner surface of 
the lid and a top surface of the semiconductor device. 

9. The system of claim 8, Wherein ?rst ends of the carbon 
nanotubes are in contact With the inner surface of the lid, and 
second ends of the carbon nanotubes are in contact With the 
top surface of the semiconductor device. 

10. The system of claim 8, further comprising a second 
plurality of carbon nanotubes disposed in a chamber betWeen 
a top surface of the chamber and a bottom surface of the 
chamber. 
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11. The system of claim 1, further comprising: 
a heat sink; and 
a heat sink thermal interface material layer disposed 

betWeen the lid and the heat sink. 
12. The system of claim 1, Wherein the ?uid system com 

prises: 
a ?rst pipe connected to the lid; and 
a second pipe connected to the lid, 
Wherein the ?uid ?oWs into the lid through the ?rst pipe, 

and the ?uid ?oWs out of the lid through the second pipe. 
13. The system of claim 1, Wherein the ?uid system further 

comprises a pump, Wherein the pump pumps ?uidthrough the 
lid. 

14. A system for cooling a semiconductor device, compris 
ing: 

a lid; 
a ?rst plurality of carbon nanotubes disposed Within the lid; 

and 
a ?uid system con?gured to pass a ?uid through the lid, 
Wherein the lid is con?gured to be mounted over and 

encase the semiconductor device. 
15. The system of claim 14, Wherein the ?rst plurality of 

carbon nanotubes form a plurality of microchannels. 
16. The system of claim 15, Wherein the ?uid system is 

further con?gured to pass the ?uid through the microchan 
nels. 

17. The system of claim 14, Wherein ?rst ends of the ?rst 
plurality of carbon nanotubes contact an inner surface of the 
lid, and When the lid is mounted over the semiconductor 
device, second ends of the ?rst plurality of carbon nanotubes 
contact the semiconductor device. 
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18. The system of claim 14, further comprising a second 
plurality of carbon nanotubes disposed in a chamber betWeen 
a top surface of the chamber and a bottom surface of the 
chamber. 

19. A method for cooling a semiconductor device, com 
prising: 

disposing a ?rst plurality of carbon nanotubes Within a lid; 
mounting the lid over the semiconductor device; and 
passing a ?uid through the lid. 
20. The method of claim 19, Wherein the ?rst plurality of 

carbon nanotubes form a plurality of microchannels, and 
Wherein the ?uid passes through the microchannels. 

21. The method of claim 19, Wherein the ?rst plurality of 
carbon nanotubes are disposed in a chamber betWeen a top 
surface of the chamber and a bottom surface of the chamber. 

22. The method of claim 19, Wherein the ?rst plurality of 
carbon nanotubes are disposed betWeen an inner surface of 
the lid and a top surface of the semiconductor device. 

23. The method of claim 21, further comprising disposing 
a second plurality of carbon nanotubes Within the lid, Wherein 
the second plurality of carbon nanotubes are disposed 
betWeen an inner surface of the lid and a top surface of the 
semiconductor device. 

24. The method of claim 22, further comprising disposing 
a second plurality of carbon nanotubes Within the lid, Wherein 
the second plurality of carbon nanotubes are disposed in a 
chamber betWeen a top surface of the chamber and the bottom 
surface of the chamber. 

* * * * * 


